Abstract In city playgrounds, there is a potential risk of harming children's health by contamination coming from anthropogenic activities. With the aim to determinate the sources and the risk of hazardous elements, soil samples were collected in 19 selected playgrounds of different urban and rural areas from the Rio Grande do Sul state (Brazil). The concentration of 23 metals and metalloids and lead isotopic ratios were determined by ICP-MS. The methodology proposed here, firstly, classified the parks according to the average metal content by means of the NWACs (Normalized-and-Weighted Average Concentrations) and assess the contamination risk determining the Contamination Factors (CFs). Finally, statistical tools (correlation analysis and principal component analysis) were used to identify the most important contamination sources. The statistical tools used, together with lead isotopic composition analysis of the samples, revealed that coal combustion is the main source of contamination in the area. Vegetation was identified as a barrier for the contamination coming from the city. Nonetheless, some of the soils present a possible toxicological risk for humans. In fact, Cr, Sb, and Pb concentrations were higher than the Residential Intervention Values (VIRs) defined by the Environmental Protection Agency of the State of São Paulo, also in Brazil.
Introduction
Metal exposure in the environment is one of the most important pathways to human health due to the non-degradable, persistence and deadly nature of these contaminants. Soil metals can come from natural sources, such as high background soil concentrations, or from anthropogenic sources, as for example, via atmospheric depositions coming from human activities (industry, traffic, mining sites, etc.). These anthropogenic sources are generally higher in the case of urban areas compared to rural counterparts.
Interest in the subject of remediation of contaminated sites is growing throughout the world, especially in city areas frequented by children. Playgrounds are accessible public places where children may ingest non-nutritive substances through dirty hands (hand-to-mouth) and toys or consuming soil directly (Calabrese et al. 1996) . The ingestion of the dust fraction smaller than 2 mm adhered to children's hands is common in kids between 18 months and 2 years (Ljung et al. 2007; Yamamoto et al. 2006) . Some studies reveal that the soil ingestion by children between 1 and 6 years is about 100 mg per day (EPA 2002; Ljung et al. 2006b ). Other important factor is that children have higher absorption rate of metals in their digestion system (Ng et al. 2003) .
Apart from the direct ingestion of substrate particles, the children in playgrounds can be exposed to other pathways: inhalation of resuspended particles through the mouth or nose, dermal absorption of trace elements in particles adhered to exposed skin and in the case of Hg even inhalation of vapours (Needleman 2004) . For these reasons, identifying the pollution sources in children playgrounds is critical in order to found a solution that interrupt the cycle of adverse health effects associated with environmental contamination.
The origin of inorganic emergent pollutants in parks is diverse: the particulate matter (PM10) coming from dust deposition in the air phase, flaking paint, waste products, bulk mineral transport, loading and unloading port operations in near public locations of playgrounds, vehicular emissions, traffic and brakes, industrial discharges, ashes from mining and smelting towns, central heating flues, industrial activities, corrosion of building materials, etc. (Hyunsun et al. 2013) . While the origin of heavy metals in playgrounds can be very different, the dispersion of these contaminants in urban areas depends principally on three factors: (i) the distance to the pollution sources; (ii) the topography of the area and (iii) the presence and density of the surrounding vegetation (Massas et al. 2010) . The largest enrichment of contaminants is associated with sandy soils, usually used in children playgrounds, where contaminants are adsorbed on the small fraction of finer particles (that adhere readily to skin) of the total soil mass (Ljung et al. 2006b ).
Independently of their origin or dispersion way, a great part of metals and metalloids are harmless at small amounts. However, some are toxic and risky for human health, even in extremely low concentration levels. There are evidences that high soil Pb concentrations could affect blood Pb level, which could decrease intelligence and cause behavioural problems in children (Lanphear et al. 1998; Mielke et al. 1999) . Trace amounts of Cr and Cd entering the body can induce genetic and epigenetic alteration in different cancer-related genes of somatic and stem cells (Baranowska-Dutkiewitcz 1981; Zhitkovich et al. 1995) . The children carcinogenic risk in polluted playgrounds was estimated to be close to the probability level of 1 × 10 −5 (De Miguel et al. 2007 ).
There are relatively few peer-reviewed studies about environmental impact in playgrounds, and the ones published are focussed in a few heavy metals and they only compare content between different areas (Glorennec et al. 2012; Rasmussen et al. 2001) . To provide a healthy city environment and protect children lives from metal pollution in playgrounds, it is necessary to propose a methodology that can serve as a first approach for the urgent identification of playgrounds of high concern before further studies and/or remediation actions are implemented. Our study responds to these necessities trying a new methodology that uses statistical methods, different contamination indexes and lead isotopic ratios. The methodology has been used to examine the hazardous elements content and the atmospheric deposition of metallic dusts in sands from the autonomous region of Rio Grande do Sul (Brazil). A research work done in the proximities in the urban area of Porto Alegre revealed that the ambient particle number (PND) was comparable to others observed in European countries with serious problems related to atmospheric nanoparticles from anthropogenic origin (Schneider et al. 2015) and that urban contamination is also the responsible for the elevated NPAH (nitropolycyclic aromatic hydrocarbon) concentrations found in the airborne particulates of the area (Garcia et al. 2014; Schneider et al. 2015) .
Due to the high amount of hazardous elements from dry and/or wet atmospheric deposition that are easily accumulated in superficial soils, they could be considered passive receptors. Taking into account this fact, the principal aims of this study are as follows: (i) determine the inorganic emergent pollutants (metal and metalloids) concentrations that are considered of prime environmental interest (Ag, Al, As, Ba, Cd, Co, Cr, Cu, Fe, Li, Mg, Mn, Mo, Ni, Pb, Sb, Sn, Sr, Ti, Tl, V, W and Zn) in soils from children playgrounds and parks, (ii) identify hotspots of the contaminants within the area of study, (iii) explain the origin of the high concentration of lead by lead isotopic ratio analysis, (iv) estimate the anthropogenic sources of hazardous elements emissions and (v) provide to the scientific community a tool to estimate the magnitude of hazardous elements emission in playgrounds areas to, finally, (vi) characterize the risk to children who might be exposed to these urban soils.
Materials and methods
A brief description of the field methods undertaken for this study is provided below.
Study site and field sampling
Porto Alegre is the tenth most populous city of Brazil and the capital of the Brazilian state of Rio Grande do Sul, with 1,509,939 inhabitants. The metropolitan area of Porto Alegre (usually known as MAPA) is the most urbanized one of the state of Rio Grande do Sul. MAPA is characterized by different industries and heavy traffic. But this study is not only focussed in playgrounds of Porto Alegre. Soil samples were also collected in São Leopoldo, Esteio and Sapucaia do Sul. All these cities are located between 20 and 30 km away from Porto Alegre and all characterized by important traffic congestion. In order to reflect the diversity of big cities with industrial, mining, residential and rural areas, 19 private and public parks were conscientiously chosen (see Fig. 1 ; Table 1 ). Topsoils (sand mixed with variable proportions of underlying soil and deposited dust) of approximately 500 g with a depth of 0-1 cm were sampled. As it is reflected in Table 1 , the granulometry of the sands comprises principally two sizes. The particle size of ten of the samples was between 75 and 250 μm. The particle size of the rest of the samples was between 2 and 250 μm. Topsoils were selected for the study because those are in direct contact with children. At each sampling site, three subsamples were obtained and mixed to make the final bulk sample. The samples were picked up in the centre of the playgrounds, in zones exposed directly to the atmosphere, apparently where no soil alteration was observed.
Bulk soil samples were collected using a plastic shovel and gloves and deposited in sealed plastic container. Once in the laboratory, samples were oven dried at 40°C for 24 h. The dried soil samples were then sieved, and the particle size lower than 2 mm was retained for the following analytical procedure.
Analytical procedure
The analytical determination of metals and metalloids in soil samples was carried out following the US Environmental Pollution Agency EPA 3051A method (microwave-assisted acid digestion of sediments, sludge, soils and oils). Briefly, 0.5 g of soil was weighed directly into each pre-cleaned vessel and 9 mL HNO 3 /3 mL HCl acid mixture was added. A first ramp of 1000 W was applied during 7 min to reach the temperature established in the method (170°C), and then it was maintained at 800 W during 4.5 min. After cooling, the digests were filtered (0.45 μm) and transferred to polyethylene bottles of 50 mL. The samples were analysed thrice. Analytical blanks were identically prepared.
The accuracy of the analytical method was satisfactorily checked by the triplicate analysis of a soil certified reference material (SRM 2711 Montana Soil, National Institute of Standards & Technology). The concentrations of the analysed elements (three replicates of each sample) were measured by ICP-MS (NexION 300, PerkinElmer, Ontario, Canada) inside a clean room (class 100). The recoveries were, in all the cases, between 75 and 104%. 
Lead isotope analysis
Lead isotope ratios were measured in dilutions of the digested solutions to give a concentration in the range 20-50 ng mL (Table 2) . Mass discrimination can be corrected using several approaches (Hill 2007) . In this work, the commonly used internal isotope ratio correction was employed by means of a 20-ng g Tl ratio is constant and, therefore, mass discrimination factor can be calculated. Several empirical models can be used for this (Hill 2007) . However, for data from quadrupole-based ICP-MS, it is enough to use a linear model.
The relative standard deviations (RSD) of the replicate readings of the samples were generally < 0.5%. It is interesting to note that the measured changes in isotope ratios are much greater than the uncertainties in the measurements and that they are significant in all cases. This trend highlights that the implemented ICP-QMS method is precise enough to discriminate among different lead origins.
Statistical analysis
For the correlation analysis (CA), the Unscrambler software (v.9.2 Camo Asa, Trondheim, Norway) was used and the principal component analysis (PCA) of the element concentration data was performed by PLS-Toolbox v.7.0.2 (Eigenvector Research, USA) implemented in MATLAB 2010 software (The Mathworks, MA, USA).
Results and discussion
Metal and metalloid concentration and spatial distribution Based on Fig. 2 , it is evident that the spatial distribution of the elements studied is quite heterogeneous. Remarkable differences regarding the presence of metals and metalloids could be observed. Clearly, the soil collected at the playground 8 was the one with the highest concentration of The playground 8 is near the city centre of Porto Alegre and the river Jacuí. Taking into account that Cd, Cu, Sb and Zn are good indicators of contamination in soils due to gasoline, car components, oil lubricants and industrial incinerator emissions (Amato et al. 2009) , it is obvious that the high traffic at this site, together with the low vegetation around it, suppose an important pressure for this park. The proximity of playground 8 to Lagoa dos Patos, a freshwater lagoon where five rivers converge forming a giant lake navigable by even large ships, may increase the Sn content found here. Sn has been historically found near shipyards or harbours, due to highly toxic tributyltin (TBT) used in antifouling paints on boats (de Oliveira et al. 2010) . It is also remarkable the high Pb concentration found in site 8. In Brazil, phaseout of leaded gasoline started some decades ago (Wolff and Suttie 1994) ; consequently, atmospheric pollution with Pb should be low in Porto Alegre city. However, recent studies reveal that paint chips, peeled off from playing equipment installed in the playgrounds, contribute to elevated Pb concentration in the soil of public playgrounds (Takaoka et al. 2006) .
The spatial differences of the rest of the elements studied are not highly remarkable, with the exception of As and Ti. The presence of As was considerable in soils collected in playgrounds 5 (3.80 mg kg ), while in the rest of the sites, the As concentration was below the limit of detection defined for this element. Arsenic in soil usually results from human activities including pesticides ) in the 19 playgrounds from Rio Grande do Sul (Brazil). The discontinuous horizontal line indicates the background value included in Earth crust tables defined by Turekian and Wedepohl (1961) use, mining and ore processing operations, coal burning and waste disposal (Walsh et al. 1977) and also from chromated copper arsenate (CCA)-treated wood, widely used in playgrounds and other outdoor equipment (Ky Gress et al. 2014 ). Playgrounds 5 and 11 are located quite distant from each other, but they are surely suffering similar effects. The sample 11 was collected in São Leopoldo. Due to its proximity to the Rio Grande do Sul state (located in the north of Rio Grande do Sul) and to the low vegetation around this park, it suffers the effects of the mines and the coal power plant situated in the proximities of Capivari De Baixo. In soils from park 5, the contamination with As is surely coming, between other sources, from Candiota and Baixo Jacuí (both located in the south of Porto Alegre and with great activity related to coal treatment processes) (Lagreca et al. 1995) . Park 16 is near park 5, but the high vegetation of the first protects the soil of the park from fly ashes. However, the concentrations were lower than the values for As in playground soils established by the Dutch Soil Federal Legislation (Elert et al. 1997 ).
In the case of Ti, quite high concentration values were obtained in soils from park 15, located very close to the city centre. This fact indicates the anthropogenic origin of this element in this playground. Paint pigments, used for aircraft, ships or missile manufacturing, are the principal unnatural source of Ti in soils (TiO 2 ). However, the elevated concentration value of Ti observed in park 15 should not be alarming, since there is no evidence suggesting that Ti has any effect in the human body. Titanium is considered non-toxic due to its poor absorption and retention in living organisms. Moreover, no environmental effects coming from Ti have been reported (Mertz 1987) .
The spatial distribution of Ni and Mo is quite similar, with high concentration values in parks located in the north part of Porto Alegre. Mo and Ni are common in fertilizers and limestones. Some studies report that the intake of high concentrations of Mo results in severe gastrointestinal irritation and death due to cardiac failure (Nagaraja et al. 2011) . Ni is considered a non-essential element for humans, but it has some potentially harmful health hazards to the respiratory tract and the skin (Boschetti et al. 2014) .
Finally, Ba, Co, Sr and V do not show a clear distribution and Tl was only detectable in soils from parks 6, 8, 9, 10, 11 and 12. Despite the contamination by Tl is not usually studied, some research works reveal that the toxicity degree of Tl ranks among those of Pb, Hg and Cd. Considering the variation observed in the spatial distribution of this element along the area of study, a possible anthropogenic source of Tl in the environment could be possible, coming principally from industries that use Tlcontaining raw materials and extensive non-ferrous ore mining (Wang et al. 2013) .
The concentrations obtained on this study were compared with similar studies carried out all over the world, such as in playgrounds from Poland, Canada, Sweden or Australia (Kicińska and Klimek 2015; Ljung et al. 2006a; Rasmussen et al. 2001; Taylor 2015) . The concentration values obtained in this study for As, Ba, Cd, Co, Cu, Mn and Ni were lower than the ones found in the other areas. That was not the case of Cr, since quite higher concentrations were found in some playgrounds from Rio Grande do Sul. The presence of Cd and Pb was also lower here, with the exception of the values observed in soils from 8. The concentrations obtained for the sampling sites studied here were also compared with some others results complied in a study carried out in public playgrounds of São Paulo city by Figueiredo et al. 2011 . São Paulo is located in the north of Porto Alegre. Despite the lower population of Porto Alegre, the Cr content found in playgrounds 4, 5, 6, 15, 16 and 19 were in some cases four times the concentrations found in São Paulo. The rest of the elements studied showed lower concentration values.
Considering the reference values defined by the Environmental Protection Agency of the State of São Paulo (see Table 3 ) (Figueiredo et al. 2011) , concentration values found for Cr (in samples 4, 5, 6 and 16) and for Sb and Pb (in sample 8) exceeded the Residential Intervention Value (VIR). The VIR is defined as the concentration of an element in soil above which there are direct or indirect potential risks to human health. This index was calculated using human health risk assessment procedures for residential exposure. On the other hand, the Cr concentration found in sample 19 was higher than the VP (Prevention Value) defined also by the Environmental Protection Agency of the State of São Paulo. The VP is the concentration limit of a substance that causes no damage to soil quality. This level indicates if a soil is capable to maintain its primary functions, and it is calculated using ecological receptors assays. Finally, regarding the Quality Reference Value (VRQ), As exceeded the limit in park 5, Pb and Sb in parks 8 and 13 and Zn in park 8. The VQR is the concentration of an element in the soil which defines a clean soil and is determined considering statistical interpretation of physico-chemical analysis of different kinds of soils from São Paulo State (Figueiredo et al. 2009 ).
The concentrations obtained were also compared with the threshold values defined by two legislations currently in force, such as the Swedish Environmental Protection Agency (Elert et al. 1997 ) and the Chinese Environmental Protection Administration, Environmental Quality Standard for Soils (CEPA 1995) . The values obtained revealed that the Pb content of soils collected in park 8 exceeded the maximum acceptable concentration defined by the Swedish agency. In the case of Cr, samples 4, 5, 6 and 16, exceeded the threshold values accepted by both legislations. The concentrations of Cu, Zn, As, Ni and Cd did not reach the values proposed by the two legislations.
Application of the Normalized-and-Weighted Average Concentrations
With the aim to make easier the study of the spatial distribution of trace metals in the selected parks, the Normalized-andWeighted Average Concentrations (NWACs) were calculated. NWACs are a simple tool useful to estimate, in a first approach, the magnitude of the problem in hands regarding contaminants stored in an area. These quotients are based on the concentration of all the elements studied, which are normalized according to the dispersion of the concentration values of each contaminant within the sampling sites. The soil samples are, therefore, ordered in a scale from 0 to 10 according to their trace element content defined as a unique quotient representative of all the contaminants considered. Details about the calculation of the NWACs can be found elsewhere (Gredilla et al. 2011) . The values obtained are reflected in a colour-based map in Fig. 3 . As it was expected, playground 8 was the park of most concern regarding metal and metalloid presence. That is, the NWAC obtained here was 10. Clearly, apart from the contamination coming from the intense traffic, soils from playground 8 suffered the effects of the underground line connecting the district of El Dorado Do Sul and the city centre of Porto Alegre. Recent studies have related soil metal contamination with railway lines. This was, for example, the case of a busy railway line in Zurich, Switzerland, where Fe, Al, Si and Ca particle emissions were detected in nearby soils (Lorenzo et al. 2006) . Similar investigations carried out in China found elevated presence of Cu, Mn, Cd and Zn in topsoil within the vicinity of mountain railway in Sichuan (Liu et al. 2009 ). Soils from sites 4, 5, 6, 11 and 16 were also classified as of concern with NWAC values between 1 and 5.5. The high metal presence observed in 4 and 6 has probably the same origin as in park 8.
The low metal influence observed in playgrounds 17 and 18 revealed that metal concentration and the distance between playgrounds and the main roads and avenues of the city are in good agreement. This fact classified metal coming from the city centre as an important contamination source in parks of the area.
It is also remarkable the elevated NWAC values obtained for soils in park 11 (around 2). The high concentration of arsenic found in this playground is behind this fact.
Contamination sources
The information compiled until now reveals that the presence of some metals and metalloids was elevated in some of the samples analysed. But were all these sites contaminated? Due to the lack of natural background values for soils of this area, it was complicated to determine which metals were from natural or anthropogenic origin. For this reason, the results obtained in this study were compared with the concentration values compiled in tables including abundances of chemical elements in various major units of the Earth's crust. Values reported by Fig. 3 Colour-based visualization of the NWACs on a map of the area under study. The playgrounds are coloured as follows: NWAC < 0.1 (green), 0.1 < NWAC < 1.0 (yellow), 1.0 < NWAC < 5.5 (red) and 5.5 < NWAC < 10 (black) Turekian and Wedepohl (1961) were also used to determine the Contamination Factors (CFs) of the soils analysed. The CF is described as the metal content in the soil divided by the background level of the metal, and according to the value obtained, the contamination grade is assessed. Samples with a CF value lower than 1 are considered low contaminated, samples with values between 1 and 3 moderately contaminated and samples with a factor between 3 and 6 considerably contaminated. Finally, soils with a factor higher than 6 are considered highly contaminated (Ololade 2014) . Only the CF for the elements with specific background value in Earth's crust tables reported by Turekian and Wedepohl (1961) (Al, As, Co, Cr, Fe, Li, Mg, Mo, Ni, Pb, Sr, Ti, Tl, V, W and Zn) were calculated. Based on Fig. 4 , soils from the parks studied here are not contaminated (or are very low contaminated) by Al, Fe, Li, Mg, Sr, Ti, Tl, V and W. Therefore, the anthropogenic source of these elements was not significant. Nonetheless, as it has been previously observed, soils form 5 and 11 presented considerable contamination by As. Co is the element with a sure anthropogenic origin in the area because the main part of the samples were highly or considerably contaminated by it. Cr also presented anthropogenic origin in 4, 5, 6 and 16, since their soils were classified as between highly and considerably contaminated by this heavy metal. The rest of the soils presented moderate or low contamination by Cr. Soils from 4, 5, 8, 13 and 16 also presented contamination by Mo. Contamination by Pb varied between highly contaminated in 8 and 13 and low (soils form 6, 11 and 12) or moderately contaminated in the rest. Soils from 8 were also highly contaminated by Zn, and the ones from playgrounds 6, 12 and 13 were also considerably contaminated by this element.
Chemometric data analysis

Correlation analysis
Once the elements with apparent anthropogenic origin were distinguished, a correlation analysis of the data was carried out (see Table 4 ). In this case, Pearson coefficient (in absolute terms) higher than 0.53 indicated a correlation significantly different from zero at a confidence level of 99%. However, the most significant correlations (ρ > 0.75) were principally studied. Generally, high correlations were observed between the variables studied. However, the main part of them corresponds to the same metal distribution observed in Fig. 2 . Particularly high correlation factors (even ρ = 1.00) were observed between the variables whose presence was high in soils from park 8. This was the case of Cd, Cu, Mg, Mn, Pb, Sn, Sb, W and Zn. Therefore, their anthropogenic origin and common source are probable.
The high correlation observed between Al and Li (0.83) and Mn and Li (0.84) is due to the mineralogical composition of the soils. Nevertheless, the correlation observed between Li and V (0.77) could also reveal that a portion of this element is coming from anthropogenic source. The high correlation of Ba and Sr (0.96) and their homogeneous distribution reveal their natural origin in the area. Fe and Co are also correlated (0.78). Commonly, Fe occurs naturally at abundant levels and is rarely affected by human activities. Co is also widely scattered in the Earth's crust, and its correlations with Fe could Fig. 4 Box-whisker plots of the Contamination Factors (CFs) obtained for the parks. The box shows the 25th percentile and the 75th percentile, and the whiskers represent the lowest and the highest concentrations, while the line inside the box expresses the average value indicate that its presence in soils is mainly due to natural sources. However, the CFs obtained for Co reveal that this element is coming also from anthropogenic sources. The lack of correlation between As and the other elements supposes its different source. Cr and Ni formed another highly correlated pair with a correlation coefficient of 0.90, suggesting their probable common source. Cr and Ni are usually correlated in contaminated soils. Waste and industrial emissions are often the cause of polluting soils with Cr and Ni (Barałkiewicz and Siepak 1999; Salah et al. 2015) . The correlation between Mo and Ni (0.81) may indicate their common origin in coal combustion processes. Similar correlations were found in a study carried out in the neighbouring state of Rio Grande do Sul. Rio Grande do Sul is still the Brazilian state with the highest coal production, and Mo and Ni are usually associated to the organic part of coal (Juda-Rezler and Kowalczyk 2013).
Principal component analysis
In this study, the data was also chemometrically studied by means of a principal component analysis (PCA). As the concentrations of the soil heavy metals varied greatly, the raw data was autoscaled before PCA.
In a first approach, a PCA including concentration data of the hazardous elements of anthropogenic origin (all except Al, Li, Mn, Ba and Sr) from all the soils was carried out. In Fig. 5a , score and loading plots (PC1 versus PC2) from the corresponding model with three principal components (explaining the 81.8% of the total variance) are included. Clearly, PC1 is characterized by all the elements studied. According to the loading values (trace metal content), the scores are distributed in different groups. As it was expected, the sample collected at park 8 is well distinguished from the other ones. The loading plot reveals that both anthropogenic and natural metals and metalloids have great influence on this playground. Oppositely to 8, in the other side of the plot, there is a group including negative loading values for PC1. This group includes soils from parks 17, 18, 7, 14, 10, 9, 15, 2, 3, 1, 13 and 12 and could be classified as soils lowly influenced by metals and metalloids. Soils 11 (from São Leopoldo) and 19 (sampled in the city centre) are a little bit different. They presented direct connection with As and Ti. Finally, there is group of samples (soils from 5, 16, 4 and 6) which presented high loading values for Cr, Ni, Co, V, Mo, Fe, Ti, Cu and As. This group could be classified as the more affected one by metals and metalloids (if sample 8 is not considered).
In order to get more information about the samples, a new PCA was done, but this time, sample 8 was not considered. In this case, the model with four components was chosen since it explained the 82.1% of the variance. As it is reflected in Fig.  5b , the distribution of the scores in the PC1-PC2 plot is not as clear as in Fig. 5a . Samples identified as of low concern due to their low loading values for PC1 in the first PCA are now separated. Samples 14, 15, 7, 18, 17, 1, 2, 3 and 10 continued located in the left part of the plot, showing negative (of very low) loading values for all the metals and metalloids considered. Soils from parks 12 and 13 are now located in the right part of the plot, showing positive relation with all the elements. These time samples from municipalities out of Porto Alegre, as well as the samples collected from São Leopoldo (11), Esteio (13) and Sapucaia do Sul (12), all presented quite high influence of metals and metalloids. Samples 19, 5, 16, 4 and 6 continued highly affected by the elements from anthropogenic origin (Cr, Ni, Sb, As, Cu and Co, between others). Samples 5 and 6 are well distinguished from the others, principally due to the high presence of W, As, Cr and Ni in soils from park 5 and the important presence of generally all the elements in park 6. Th, respectively (Yip et al. 2008 ). This fact produces small Pb isotope abundance variations in nature, and it was observed that the isotopic composition of lead in the environmental materials is clearly dependent on the ore deposits from which it comes. Thus, lead isotopic ratio can provide analytical information about sources of lead contamination (Bove et al. 2011) .
Lead isotope ratio measurements
With that purpose, Pb ratios were calculated (Fig. 6a) . These representations are useful to distribute samples according to Pb pollution source. As can be seen in the Fig. 6a, most (Bollhöfer and Rosman 2000) . These include mining, smelting and non-ferrous metal refining as well as waste incineration or coal burning. The industrial influence is reflected in relatively widespread isotopic signatures dependent on the relative influence of different industries at different sites. In Fig. 6a appears lead isotope ratios from different sources found in the literature together with the samples of this study (Monna et al. 1997 (Monna et al. , 2006 Moura et al. 2004; Komárek et al. 2008 ). Distribution suggests a mixing pattern of two major Pb sources in Brazilian's parks. On the one hand, samples with Pb ratios in the range of 1.18- Correlations significantly higher than 0.53 (correlations significantly different from zero at the 99% of confidence level) are marked in bold and the most significant ones (ρ > 0.75) are underlined 1.22 may be influenced by coal combustion, since they are geogenic values, higher than the Bedrock ratios (Moura et al. 2004 ) and in concordance with coal ratios found in South Africa (Monna et al. 2006) , marked with rectangles in Fig Pb ratio of 1.219 has also been reported for coal samples from Colombia (Komárek et al. 2008) . Moreover, it must be bore in mind that Rio Grande do Sul is still the Brazilian state with the highest coal production (FdezOrtiz de Vallejuelo et al. 2016) .
On the other hand, sample 8 with a more radiogenic ratio suggests the contribution of industrial emissions. Similar ratios are found in the literature in atmospheric samples from Brazil (Bollhöfer and Rosman 2000) and are assigned to industrial emissions. These appear marked with a cross in Fig.  6a . Asterisks correspond to industrial emission from Monna et al. (1997) , where airborne particulate samples were analysed.
Isotope ratio versus total Pb concentration are represented in Fig. 6b . Sample 8 has a very high amount of Pb, more than 400 mg kg Pb ratios, points to an anthropogenic lead contribution originated by the industrial and urban activities of the city. Contribution of leaded petrol used in the past can also be an important factor. In fact, as previously mentioned, playground 8 is located in an area with high traffic density (see in Table 1 the number of vehicles circulating in 1 day).
Regarding to sample 2, total Pb concentration is not high and is similar to the rest of samples (except sample 8). 
Conclusions
The research methodology used in this study classified playgrounds 8, 4, 5, 6, 11 and 16 (all school playground in city with low vegetation) as the ones of highest concern regarding to their hazardous elemental content and, therefore, the first ones on which further contamination studies should be carried out. They are all located in the centre of Porto Alegre, with the exception of samples 5, 16 and 11, which were collected in the suburbs of the city (5 and 16) and in São Leopoldo (11), respectively.
All the tools applied in this study suggest that there is an important anthropogenic influence in the studied area. This contamination damages the surrounding soil's quality, arriving also to playgrounds. Pressures coming from the city (including traffic, trains, ships, etc.), as wet or dry atmospheric contamination, could be identified as the most important ones, turning playground soils into passive receptors. Although the four cities investigated have heavy traffic, the traffic of Porto Alegre is clearly the most important and damaging one. Apart from pressures coming from the city centre, the contamination coming from the activities related to coal treatment processes is also undeniable. The coal production of Rio Grande do Sul is the equivalent to the 60% of the overall Brazilian production. Coal activities have caused As accumulation in some of the parks. In these cases, the density of the vegetation in the surroundings of the playgrounds resulted crucial, as the low As content observed in park 16 confirmed all these.
The comparison with the Residential Intervention Value (VIR) reveals that the high metal content found in some of the playgrounds may represent a significant health risk especially to children having a high oral intake of contaminated sand and soil. Therefore, apart from an intervention in some of the parks, the design of legislation is also required.
In summary, the proposed methodology is a tool to evaluate the level of hazardous element emission in playgrounds areas and to evaluate the possible health risk assessment for children who might be exposed to these urban areas with high content in inorganic emergent pollutants.
